We have previously shown that Foxp3 + CD4 + regulatory T (Foxp3 + Treg) cells are elevated in inflamed gingival tissues of mice infected with Porphylomonas gingivalis (P. gingivalis), a major periopathologic bacteria. Foxp3 + Treg cells play a crucial role in maintaining immune tolerance and homeostasis. In this study, we elucidated the mechanisms of Foxp3 + Treg cell induction at sites of inflamed gingival tissue. A murine periodontal disease model with alveolar bone loss was established by oral infection with 10 9 cfu of P. gingivalis suspended in 0.1 ml of PBS with 2% carboxymethylcellulose, 15 times over three weeks. Gingival mononuclear cells were isolated from mouse gingival tissues for analysis by kinetic observation. Elevated numbers of CD11c + dendritic cells (DCs) but low expression of co-stimulatory (CD40, 80, 86) and MHC-II were detected in inflamed gingival tissues. Interestingly, significantly induction of IL-6 and TGF-β transcripts was detected in early stages of the inflammation period. Furthermore, expression levels of TGF-β transcripts were maintained through the end of experiment. Importantly, diminished levels of IL-6 transcripts but significant induction of retinal dehydrogenase 2 (RALDH2) transcripts, a major enzyme for retinoic acid synthesis, were detected in later stages of the inflammation period. These results suggest that inflammation-derived CD11c + DCs regulate inflammation and induce Foxp3 + Treg cells in the gingiva of the mouse model. Int J Oral-Med Sci 11(4):300-
Introduction
The oral cavity is a type of mucosal tissue that is protected by both the mucosal and systemic arms of the immune system. The induction of mucosal secretory IgA antibodies (Abs) in saliva and plasma-derived IgG in gingival crevicular fluid together defend the oral cavity against invading pathogens (1, 2) . Another unique feature of the oral cavity is that it consists of both mucosal and bone tissues when compared with other mucosal compartments such as the gastrointestinal and respiratory tract (1, 2) .
Thus, it is clear that the cellular and molecular intranet between mucosal and osteoimmune systems plays a critical role in the regulation of bone homeostasis in the oral cavity.
Chronic periodontitis is a common oral inflammatory disease that causes the breakdown of periodontal tissue, including the resorption of alveolar bone, and as a consequence, tooth loss (3) . Furthermore, recent studies have suggested that chronic periodontitis influences systemic conditions such as cardiovascular diseases, diabetes, and osteoporosis (4) (5) (6) (7) (8) (9) (10) . Hence, the prevention of periodontitis is important for both oral and systemic health.
Porphylomonas gingivalis (P. gingivalis), a gram-negative anaerobic bacterium, has previously been shown to be a major pathogen in chronic periodontitis. The colonization of gingival tissues by this bacterium is considered to be the first step in the pathogenic process of periodontal disease resulting in tissue destruction (11, 12) .
Dendritic cells (DCs) are predominantly known for their function as potent inducers of adaptive immunity. However, there is now increasing evidence that certain populations of poorly immunogenic DCs initiate and maintain immunologi-cal tolerance through induction of anergy, deletion of autoreactive T cells, and the instruction and differentiation of Treg cells (13) . Immature DCs that have taken up antigen, but have not simultaneously been exposed to TLR or Nod-like receptors (NLRs) ligands, are thought to acquire a semimature state, characterized by high levels of MHC-II, but low or no expression of co-stimulatory molecules or proinflammatory cytokines such as semimature CD11c + MHC-II hi CD80 lo CD86 lo DCs are believed to exhibit tolerogenic (as opposed to stimulatory or immunogenic) properties (13) .
In this study, we investigated phenotypic markers during the course of inflammation-induced gingival tissue by P. gingivalis infected mice. It is important to determine cytokine production by CD11c + dendritic cells in inflamed gingival mucosa, which can regulate the differentiation of effecter CD4 + T cells.
Materials and Methods

Mice
Six-to eight-week-old female BALB/c mice were purchased from Sankyo Laboratory Services (Tokyo, Japan). Upon arrival, mice were housed in micro-isolators, maintained in horizontal laminar flow cabinets, and provided sterile food and water at the specific-pathogen free facility of Nihon University School of Dentistry at Matsudo. All animals were maintained and used in accordance with the Guidelines for the Care and Use of Laboratory Animals (Nihon University School of Dentistry at Matsudo).
Isolation of Gingival Mononuclear Cells (GMCs)
Single-cell suspensions were obtained from gingival tissues at 1, 7, 15 and 30 days after the final oral infection.
Briefly, gingival tissues from both upper and lower jaws were carefully removed using microsurgical tweezers under a stereomicroscope. Cells from gingival tissues were prepared by being gentlyteasedthrough sterile stainless steel screens, followed by an enzymatic dissociation procedure with 0.3 mg/ml collagenase (Nitta Gelatin Co., Ltd., Osaka, Japan) in RPMI-1640 (Wako Pure Chemical Industries Ltd., Osaka, Japan) (14) . GMCs were purified on discontinuous Percoll gradients (GE Healthcare UK, Ltd., Little Chalfont, UK) (15, 16) , and were re-suspended in RPMI 1640 (Cellgro Mediatech, Washington, DC) supplemented with HEPES buffer (15 mM), L-glutamine (2 mM), penicillin (100 U/mL), streptomycin (100 mg/mL), and 10% fetal calf serum (FCS) (complete medium).
Flow cytometric analysis
In order to characterize the phenotype of CD11c + DCs, GMC (2×10 5 cells) were stained with FITC-conjugated anti-CD8α, PE-labeled anti-CD11b, allophycocyanin-tagged anti-B220, and biotinylated anti-CD11c mAbs (BD Biosciences, San Jose, CA), followed by PerCP-Cy5.5-streptavidin. Before flow cytometric analysis (FACSCalibur™; BD Biosciences), in some experiments, GMCs were incubated with FITC-conjugated anti-CD11b, PE-labeled anti-ICAM-1, and allophycocyanin-tagged anti-B220, and biotinylated anti-CD11c mAbs (BD Biosciences), followed by PerCP-Cy5.5-streptavidin. In addition, to determine the maturation stage, GMCs were incubated with FITCconjugated anti-CD8α, anti-CD11b, or anti-B220 PE-labeled anti-mouse I-Ab, CD40, CD80 or CD86 (BD Biosciences) and biotinylated anti-CD11c mAbs, followed by PerCP-Cy5.5-streptavidin. Takara Bio, Japan), in accordance with the manufacturerʼs instructions. Primers specific for IL-6, TGF-β, and RALDH-2 were designed and produced by Takara Bio.
Statistical analysis
Results are expressed as means ± standard error (SEM) and were compared by unpaired Studentʼs t test.
Results
Significant induction of CD11c + dendritic cells in inflamed gingiva tissue
In this study, significant gingival mononuclear cell induction was detected in inflamed gingival tissues of mice infected with P. gingivalis. Interestingly, significant induction was detected at 7 days after oral infection, reaching a peak and remaining at this level until the final time point (day 30) ( Fig. 1A) . Importantly, induction of CD11c + DCs was significant in inflamed gingival tissues ( Fig. 1B ).
Furthermore, significant induction of ICAM-1 expressing CD11c + DCs was observed in a time-dependent manner after oral infection with P. gingivalis ( Fig. 2A ). Elevation of ICAM-1 expressing CD11c + DCs was found to start at 7 days post-infection, reaching a peak and remaining at this level until the final time point (day 30)( Fig. 2A, 2B ). Actual cell numbers of ICAM-1 expressing CD11c + DCs expression were 8-to 9-fold higher when compared with controls ( Figs. 2A, 2B). It is important to characterize CD11c + DCs as a key player for differentiation into several effecter CD4 + T cells. In addition, MHC-II and co-stimulatory molecule expression by these cells show low but detectable expression when compared with sham-infected mice ( Table 1) . Interestingly, IL-6-specific mRNA expression prevented differentiation of naïve CD4 + T cells to Foxp3 + Treg cells.
Characterization of cytokine expression on CD11c + dendritic cells in inflamed gingival tissues
Retinoic acid inductions for CD11c + Dendritic cell
In order to define the contribution of Foxp3 + Treg cells, which differentiate due to stimulation by inflammationderived CD11c + DCs, Retinoic acid (RA) expression was determined. We compared the expression of the RAproducing enzyme RALDH-2 in purified DCs from inflamed gingival tissues at 30 days after P. gingivalis infection. Table 1 a Mononuclear cells were isolated from GMCs of mice infected with P. gingivalis were stained with a combination of the respective mAbs and subjected to flow cytometry analysis by FACSCalibur™. b GMCs were stained with FITC-conjugated anti-CD40, anti-CD80, anti-CD86, and anti-I-A d and biotinylated anti-CD11c mAbs followed by PerCP-Cy5.5streptavidin. c *, P < 0.05 when compared with sham-infected mice.
Interestingly, purified DCs from inflamed gingival tissue induced 20-to 25-fold higher levels of RALDH-2-specific mRNA expression when compared to sham-infected mice (Fig. 3C) . These findings indicate that higher levels of TGFβ and RALDH-2-specific mRNA are induced in CD11c + DCs in inflamed gingival tissues when mice are orally infected with P. gingivalis.
Discussion
In this study, we examined cytokine expression on including the CD81 Treg, Tr1 cells and Th3 cells (28, 29) .
Indeed, our previous report indicated that the frequencies of Retinoic acid (RA) was recently reported in the generation of Foxp3 + Treg cells (30) (31) (32) (33) . RA also enhances the differentiation of naïve CD4 + T cells into Foxp3 + iTreg cells and suppresses their differentiation into proinflammatory Th17 cells (31) (32) (33) (34) (35) (36) . A recent study suggested that a low concentration of RA is also required for Th17 cell differentiation (37) . Indeed, our results suggested that CD11c + DCs from inflamed gingival tissues induced significant induction of RALDH-2-specific mRNA when compared with those of sham-infected mice. To this end, it is essential to determine the cytokine expression on CD11c + DCs from inflamed gingival tissue, in addition to RALDH-2 production, as RA is another regulatory substance for the differentiation of Foxp3 + Treg cells from naïve CD4 + T cells.
Furthermore, it has been reported that RA enhances α4β7 expression on T cells via antigenic stimulation of dendritic cells, stimulating tropism to mucosal sites (38) .
In summary, our findings characterize the immunological aspects of CD11c + DCs in inflamed gingival mucosa that may up-or down-regulate subsequent induction of alveolar bone loss in periodontal disease. Hence, P. gingivalisinduced inflammatory responses will initiate naïve CD4 + T cell differentiation into effector CD4 + T cells, which may be regulated by IL-6, TGF-β and RA production to contribute to 
